The weekend is usually seen as a window of recovery. Thus, sleep before a day off may be less impaired than that before a workday. However, very few polysomnographical studies have investigated this hypothesis. Therefore, the aim of the present study was to compare sleep before a workday with that before a weekend. Seventeen teachers participated. Sleep was recorded with polysomnography on one weekday night during the workweek, and on a workday (Friday) followed by a day off. Sleep diaries and actigraphs were also used. Weekend sleep showed delayed bedtime and time of rising, a longer total sleep time (45 min), increased N3 and N1, and decreased N2 and REM. Sleep spindles were reduced. The results remained after truncation to the shortest common sleep duration (5 h). The increase in N3 from weekday sleep to Friday night sleep was positively correlated with N1 change (r = 0.853, P ≤ 0.001), and negatively correlated with N2 change (r = À0.614, P ≤ 0.001). Subjective ratings showed that weekend sleep was associated with less awakening problems and lower subjective arousal during the day. The authors concluded that weekend sleep was longer, and showed increased N3 and N1. The authors suggest that the N3 increase before the day off is a result of lower stress, while the N1 increase may be an effect of sleep spindle suppression via the increase of N3 (which would suppress sleep spindles), thus reducing N2 and enhancing N1.
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IN TROD UCTI ON
The weekend is usually seen as a window of recovery (Fritz and Sonnentag, 2005) . Thus, there is a possibility that sleep before a day off is 'better' than sleep before a workday, presumably because the weekend is expected to produce less stress and effort. Indeed, self-reported weekend sleep is longer (by approximately 1 h) than workday sleep (Basner et al., 2007) . Longer weekend sleep has also been found in a polysomnographical (PSG) study (S€ oderstr€ om et al., 2004) .
Long-term exposure to stress is associated with reduced slow-wave sleep (SWS), increased Stage 1 sleep and increased awakenings (Ekstedt et al., 2009) , and similar, but weaker effects are seen for sleep preceded by an increase in daily life evening stress (Akerstedt et al., 2007) . Similar results are also observed in participants reporting their sleep to be more vulnerable to stress (Petersen et al., 2013) . In view of the notion of reduced stress during the weekend, one might expect a corresponding reduction in awakenings, N1 sleep, and perhaps an increase in N3.
However, this was not found in the only available study of workday/weekday PSG changes (S€ oderstr€ om et al., 2004) , although minutes of total sleep time (TST), N2 and rapid eye movement (REM) increased (related to the extended sleep duration). However, that study included 50% individuals with high burnout questionnaire scores (but still working), which may have affected the results. Also, the study did not adjust for the longer duration of weekend sleep. Thus, there is need for a study of weekend/weekday PSG sleep in a group without burnout and with adjustment for the extension of sleep during the weekend.
The purpose of the present study was to compare PSG recorded weekend sleep with weekday sleep, using data from a group of teachers participating in a stress-sleep study (Petersen et al., 2013) . In that study, sleep after a (moderately) high stress day was compared with sleep after a low stress day. The study also recorded weekend sleep, and in the present paper we compare sleep during the low stress period with Friday night (weekend) sleep. The analysis also involved ratings of sleep quality. In addition to PSG variables ª 2017 European Sleep Research Society and perception of sleep quality, also subjective sleepiness and a stress indicator, 'subjective arousal' were used to investigate if Friday night sleep was followed by lowered stress and sleepiness.
MATERI ALS AND METHODS

Participants
The present study is part of a larger project investigating the influence of psychosocial stress on PSG sleep in teachers (Petersen et al., 2013) . Teachers were chosen as subjects as they constitute a group that reports high work-related stress and were assumed to be able to predict periods of high and low stress in their work. In the present study, 17 [four men, 13 women, mean age 48 years (SD = 9, range 32-67)] individuals underwent one PSG recording during the night between Friday and Saturday, in addition to the previous sleep registrations in the high stress condition and low stress condition. In the present analysis, only the low stress (representing a normal work week) and the Friday night sleep were used.
All participants were recruited through advertisements at schools in the Stockholm area. All were working full time, reported good health, and no complaints of insomnia symptoms or sleep disorders. Of the 17 participants who went through the entire study, 12 were married/cohabitant, and two had small children (< 7 years old). There were no current smokers among the participants; they all reported a nonsedentary lifestyle and a moderate alcohol intake. Individuals with ongoing depression and stress-related disorders were excluded from the study. Other exclusion criteria were: restless legs syndrome, heavy snoring and sleep apnea (as evidenced in self-reports and oxygen desaturation measurements). There was no use of beta-receptor blockers or other medication known to interfere with sleep. Before inclusion, the subjects were given verbal information about the procedures, and all signed a consent form to participate. The participants received an economic compensation of 3400 SEK (%$810). The study was approved by the Ethics Committee of Karolinska Institute.
Procedure
After a habituation night, the participants went through PSG recording in their homes (after one night of habituation) at one low stress condition and 1 night on a workday followed by a day off. Stress conditions were predicted through weekly ratings of stress and anticipated stress in an internet-based questionnaire.
Participants were asked to abstain from alcohol and caffeine-containing beverages on the day of the recording and heavy exercise in the evening. The participants were instructed to follow their normal routines regarding computer use and television watching. Bedtime and time of rising was at the discretion of the participants and in accordance with their habitual pattern. The participant's sleep pattern was followed for 3 days in conjunction with the sleep recording through an Actiwatch â (Cambridge Neurotechnology, Cambridge, UK), and with a sleep diary filled out every day on awakening and a daytime diary completed at bedtime.
PSG
After a night of habituation, ambulatory PSG recordings were carried out in the subject's home 1 night during a week with high stress, 1 night during a week with low stress, and 1 night followed by a day off. Sleep was recorded PSG using Embla recorders (Flaga HF â /Medcare) with two electroencephalogram (EEG) derivations C3-A2 and C4-A1, one bipolar chin electromyographic (EMG) derivation, and two electro-oculogram (EOG) oblique derivations. Ag/AgCl electrodes were used. The sampling rate was 100 Hz. To reduce the impact of low-frequency artefacts, a 0.8-Hz high-pass filter was applied for one channel before sleep scoring. Sleep stages were scored visually in 30-s epochs according to the AASM manual (Iber et al., 2007) . The standard PSG parameters were computed: TST minutes of sleep Stages 1-3 and REM, the amount of time awake during sleep period time (WASO), that is, between sleep onset and final awakening, sleep efficiency (TST/time in bed), number of awakenings and arousals (per hour of TST), time to onset of Stage 1 (sleep latency), time to first Stage 3 from sleep onset (SWS latency), time to first stage REM from sleep onset (REM latency). Sleep spindles were scored from the EEG through visual analysis. Sleep spindles and arousals were scored using the American Sleep Disorders Association criteria (Iber et al., 2007) . The criterion for sleep spindles was = 0.5 s with 11-16 Hz activity. An arousal from sleep was defined as an EEG shift to at least alpha activity from Stages 2-4 or REM preceded by at least 10 s of uninterrupted sleep (Stages 2-4 or REM). During REM sleep, an increase in EMG activity was required for scoring an arousal. For an arousal to be scored it had to last for more than 3 s, and for less than 15 s. Sleep-onset latency was scored as time from 'eyes closed' to the first epoch of at least three consecutive sleep epochs (Stage 1 or other sleep stages). To rule out sleep apnea, all participants were screened for breathing pauses ≥ 10 s with desaturations ≥ 3%. All sleeps from both workweek and weekend conditions were scored by the same person.
Questionnaires
Every participant filled in a self-administered questionnaire, which included questions about social and demographic background, work conditions and working hours, mood, health, and sleep quality. Habitual sleep quality was assessed with the Karolinska Sleep Questionnaire (KSQ; Akerstedt et al., 2002) . The KSQ contains questions on overall sleep quality, restless sleep, difficulty falling asleep, repeated awakenings (with difficulties getting back to sleep), ª 2017 European Sleep Research Society premature awakening and four symptoms of sleepiness (dozing off at work/free time, sleepiness during work or leisure, 'fighting to stay awake').
Diary
The participants completed the Karolinska Sleep Diary for 2 days in conjunction with the PSG sleep recordings. The daytime diary contained items about sleepiness, stress and subjective arousal during the day and at bedtime. The variables used in this study were the ratings of the day before the PSG night. Sleepiness was rated on the Karolinska Sleepiness Scale, ranging from 1 to 9 (very alert to extremely sleepy, fighting sleep, an effort to remain awake). It has been validated against electrophysiological indices of sleepiness, such as the EEG alpha (8-12 Hz) and theta (4-7.9 Hz) activity, as well as the EOG slow eye movements ( Akerstedt and Gillberg, 1990) . Subjective arousal level was rated every second hour during the day (1 very relaxed to 9 very woundup; S€ oderstr€ om et al., 2004). In the morning the participants rated their sleep. The sleep diary contains questions about wake-and bedtimes, the experienced quality, depth and length of the sleep, and the number of awakenings. The variables used in this study were the ratings before the PSG night: sleep quality, calmness of sleep, ease of falling asleep, ease of waking up, restless sleep, sufficient sleep time, and sleep throughout the allotted time, with response alternatives from 1 = very bad to 5 = very good. The sleep items formed a sleep quality index (SQI) and an awakening index. The diary also contains one question on the amount of stress/ worries present at bedtime. It involved five levels, where 5 = not at all; 4 = a little; 3 = some; 2 = rather much; 1 = very much. The Karolinska Sleep Diary has been validated against PSG and shows good correlations with objective sleep parameters ( Akerstedt et al., 1997) .
Statistical analysis
Differences between days were tested with t-tests. For sleepiness and subjective arousal, a repeated-measures analysis of variance (ANOVA) was used: with one betweengroup factor: condition (workday/ weekend); and one withingroup factor: time of day. All calculations were carried out using PASW Statistics 18.0 (SPSS, Chicago, IL, USA). An alpha level of 0.05 was considered to be of statistical significance.
RESUL TS Habitual sleep time
The mean preferred habitual sleep length from the questionnaire was 7.6 AE 0.2 h (range 7-9 h). There was a significant difference between reported habitual bedtimes (clock time; WD: 22:48 hours AE 12 min; WE: 23:36 hours AE 12 min, t = À4.85, P ≥ 0.001) and wake-up times (WD: 6:24 hours AE 12 min; WE: 8:06 hours AE 12 min, t = À7.27, P ≥ 0.001) for workdays compared with weekends. Table 1 summarizes the main results. Bedtime was delayed by approximately 30 min in the evening and time of rising by 95 min in the morning, respectively. TST was significantly higher during the weekend. There was no difference in bedtime or TST the night before (Thursday night; as measured with actigraphy). The weekend sleep had lower sleep efficiency, more wake time, contained more awakenings and stage transitions per hour. The sleep architecture also differed between weekday and weekend, with the weekend sleep containing more minutes in N1 and N3. The weekend sleep also contained less sleep spindles per hour than the weekday sleep.
PSG
Because the weekend sleep was longer, the morning hours were truncated to match the length of the workdays, and only the first 5 h (smallest common denominator from bedtime of both sleeps) was analysed. The increase in SWS (Table 2) . Because the simultaneous increase in N1 and N3 between weekday and weekend sleep was unexpected, we also computed correlations between the change in these variables, as well as N2. This showed that the N3 increase was significantly correlated to the increase in N1 (r = 0.849, P ≤ 0.01) and negatively correlated to the change in N2 (r = À0.660, P ≤ 0.01). The increase in N1 was negatively correlated to the change in N2 sleep (r = À0.696, P ≤ 0.01).
Subjective ratings
The results for subjective ratings are presented in Table 3 . There were no differences between conditions in rated stress at bedtime or in preoccupation with work. Rated SQI did not differ between conditions, but the awakening index was significantly higher for the weekend sleep. Also, subjective arousal was lower on the weekend. There was a trend towards a more positive anticipation of the upcoming sleep (P = 0.055).
DI SCUSSION
Weekend sleep architecture clearly differed from weekday sleep, resulting in increased minutes of TST, N3, N1 and more stage transitions, as well as decreased REM and N2.
We will here focus mainly on the truncated sleep to retain comparability. Also, bedtime and time of rising were delayed for Friday night sleep.
The increase in sleep duration, delay in bedtime and even further delay of the time of rising were in line with prior observations (Basner et al., 2007; S€ oderstr€ om et al., 2004) . The effects on sleep stages differ from those in the previous study (S€ oderstr€ om et al., 2004) . The reason is not clear, but that study contained one group with high values on a burnout questionnaire, which may have affected the results. The Friday night increase in N3 in the present study may be due to a relaxation before a day off, evidenced in the reduced ratings of arousal during that day. This reduction in subjective arousal was also seen in the previous study of weekend sleep (S€ oderstr€ om et al., 2004) . Thus, it seems that weekend sleep is associated with improved sleep. However, the increased N3 is a first finding and needs confirmation.
The increase in Stage 1 sleep was unexpected in view of the increase in N3. Usually the effect of sleep loss is an increase in N3, together with a decrease in Stage 1, awakenings and other indicators of superficial sleep (Borb ely et al., 1981) . This could suggest an impairment of weekend sleep. However, the correlation between the N1% and N3% was positive and significant. Thus, it appears that something makes both N3 and N1 increase together during Friday night sleep. It is difficult to find a logical explanation of this observation, but one possibility may be the response of sleep spindles to increased sleep pressure. The sleep spindle is a key characteristic of non-REM sleep, particularly N2, while N3 contains few spindles (Rechtschaffen and Kales, 1968) , and it has been shown that sleep spindles are reduced during recovery from sleep loss while N3 is increased (Achermann et al., 2001; Curcio et al., 2003) . The reduction in sleep spindles could be a direct effect of increased sleep pressure, but it may also be the case that an increase in N3 due to Among the subjective ratings, the awakening index, which quantifies ease of awakening and being well rested, did improve, presumably because the extended TST and later awakening. Anticipated sleep quality before Friday sleep and work preoccupation on Saturday improved in the expected direction, but the change was not significant, suggesting that the improvement was not dramatic enough. Stress at bedtime and sleep quality did not change at all, possibly because any improvement was too weak to impact perception. A similar lack of improvement on the Saturday (i.e. lack of reduced sleepiness) was seen for sleepiness, but was seen in the prior PSG study (S€ oderstr€ om et al., 2004) . Again, it is reasonable to assume that the increase in sleep duration (45 min) may have been too modest to affect subjective sleepiness.
This study has several limitations. Thus, it is possible that the small sample made it difficult to detect small effects. The home recordings were unsupervised, which makes deviations from instructions possible. On the other hand, home recording with as little deviation from normal routine was a key point in this study. There is also the possibility of a first night effect, but Friday night sleep was preceded by three previous PSG nights (including habituation). This should make sequence effects unlikely. Finally, it is not clear whether the results are representative of other occupations.
In conclusion, weekend sleep showed increased N3 and N1, and sleep duration was increased with 45 min. The authors suggest that the N3 increase may have been related to lower stress in anticipation of a day off, while the N1 increase may be a consequence of the decreased number of sleep spindles.
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